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INTRODUCTION 

Before  man  learned  how  to  convert  the  nitrogen  of  the  air  into  com- 
pounds on  a  commercial  scale  our  principal  nitrogenous  fertilizer 
materials  were  various  organic  wastes,  sodium  nitrate,  and  ammonium 
sulfate.  Nitrogen,  furthermore,  cost  us  about  four  times  as  much 
per  pound  as  did  phosphoric  acid  and  potash.  The  fixation  of  atmos- 
pheric nitrogen,  however,  has  given  us  many  new  nitrogenous  fer- 
tilizer materials  and  has  appreciably  lowered  the  cost  of  nitrogen  in 
comparison  with  that  of  the  other  two  fertilizing  elements.  This 
decrease  in  the  cost  of  nitrogen  is  apparent  not  only  in  the  price  of 
the  new  nitrogenous  materials  but  also  in  the  materially  lowered 
prices  for  sodium  nitrate  and  ammonium  sulfate,  brought  about  by 
the  competition  of  the  fixed-nitrogen  products. 

1  The  Fertilizer  Research  Division  was  transferred  to  the  Bureau  of  Plant  Industry  Dec.  1, 1939. 
234710°— 40  1 


Z  CIRCULAR    18  5,    TJ.    S.    DEPT.    OF   AGRICULTURE 

COMMERCIAL  METHODS   OF   NITROGEN   FIXATION 

Three  methods  of  fixing  atmospheric  nitrogen  have  attained  com- 
mercial importance.  In  the  first  method,  the  arc  process,  air  is 
passed  through  an  electric  arc.  Under  the  influence  of  the  high  tem- 
perature of  the  arc  the  nitrogen  of  the  air  combines  with  the  oxygen 
to  form  oxides  of  nitrogen.  These  oxides  are  gases  and  cannot  be 
used  directly  as  fertilizer.  They  are,  therefore,  converted  into  various 
solid  nitrates  by  treatment  with  other  compounds.  In  the  second 
method,  the  cyanamide  process,  lime  is  first  made  to  react  with  coke 


Figure  1.— An  American  synthetic  ammonia  plant. 

at  a  high  temperature  to  give  the  compound  calcium  carbide.  Gaseous 
nitrogen,  obtained  by  separation  from  the  air,  is  then  brought  into 
contact  with  the  calcium  carbide  at  elevated  temperatures,  at  which  a 
reaction  takes  place  in  which  calcium  cyanamide  is  formed.  This 
product  has  found  considerable  use  as  a  fertilizer.  The  third  method 
is  known  as  the  synthetic  ammonia  process.  This  is  the  newest  of 
the  nitrogen-fixation  processes,  but  it  has  outstripped  the  other  two 
in  commercial  importance.  It  is,  in  fact,  the  only  method  that  has 
attained  commercial  development  in  the  United  States.  In  this 
process  gaseous  nitrogen  is  made  to  combine  directly  with  hydrogen 
gas  to  form  ammonia.  This  is  done  by  passing  a  mixture  of  the 
gases  in  proper  proportion,  at  high  temperatures  and  under  pressure, 
over  a  catalyzer.  The  gaseous  ammonia  that  is  produced  may  then 
be  liquified,  while  still  under  pressure,  by  cooling.  The  liquid  am- 
monia is  customarily  called  anhydrous  ammonia  to  distinguish  it 
from  ammonia  that  has  been  dissolved  in  water,  which  is  known  as 
aqua  ammonia. 


NEW   FERTILIZER   MATERIALS  3 

With  the  successful  development  of  the  synthetic  ammonia  process, 
ammonia  has  become  the  cheapest  form  of  combined  nitrogen,  and  its 
direct  addition  to  superphosphates  or  superphosphate  mixtures  con- 
stitutes the  most  economical  way  of  incorporating  nitrogen  in  a  mixed 
fertilizer.  Although  ammonia  is  dissolved  in  irrigation  waters  and 
thus  used  for  fertilization  purposes,  the  extent  of  this  practice  is 
limited,  and  it  is  usually  caused  to  combine  with  other  compounds  to 
form  solid  salts  or  is  converted  into  other  nitrogenous  compounds. 

INCREASE  IN  PLANT-FOOD  CONCENTRATION  OF 
FERTILIZERS 

The  highest  concentration  of  available  plant  food  in  any  of  the  or- 
ganic byproducts  is  about  18  percent,  the  average  being  about  7  percent ; 
that  of  nitrate  of  soda  less  than  16.5  percent,  and  that  of  sulfate  of 
ammonia  less  than  21.3  percent.  As  a  result  of  the  successful  fixation 
of  atmospheric  nitrogen  there  have  appeared  on  the  market  a  number 
of  new  nitrogenous  fertilizer  materials  containing  much  greater  per- 
centages of  plant  food.  Urea,  for  instance,  contains  46  percent  of  avail- 
able nitrogen.  As  a  result,  also,  of  the  combination  of  fixed  nitrogen 
by  various  chemical  processes  with  either  potash  or  phosphoric  acid, 
other  fertilizer  materials  have  been  produced  that  contain  far  larger 
concentrations  of  plant  food  than  any  of  the  materials  formerly  used. 
Thus  diammonium  phosphate  contains  21  percent  of  nitrogen  and  53 
percent  of  phosphoric  acid,  that  is,  has  a  total  plant-food  content  of 
74  percent.  The  general  tendency  following  the  introduction  of  fixed 
nitrogen  in  the  fertilizer  trade  has  been,  therefore,  toward  the  higher 
concentration  of  fertilizers.  This  tendency  has  been  influenced  also 
by  the  decreasing  use  of  the  organic  byproducts  for  fertilizers,  owing  to 
their  greater  value  for  feeding  purposes.  Whereas  58  percent  of  all  the 
fertilizer  nitrogen  used  in  1913  was  derived  from  natural  organic 
sources,  less  than  11  percent  came  from  these  sources  in  1937.  As  an 
evidence  of  the  increasing  concentration  of  fertilizers  it  may  be  stated 
that  the  average  plant-food  content  in  1914  was  probably  less  than  12 
percent,  whereas  in  1938  the  average  was  almost  19  percent.  This 
increase  is  certain  to  continue  in  the  future. 

The  impression  should  not  be  gained  from  the  foregoing  statements 
that  all  the  nitrogen-fixation  products  are  concentrated  fertilizer  ma- 
terials. Nitrate  of  soda,  for  example,  is  produced  on  a  large  scale  in 
this  country  from  fixed  nitrogen,  and  calcium  nitrate,  which  is  largely 
produced  in  Norway  and  Germany,  contains  only  13  to  15.5  percent 
of  plant  food. 

Greater  concentration  of  plant  food  in  fertilizers  has  not  been  due 
solely  to  the  introduction  of  the  fixed-nitrogen  products  and  the 
diminished  use  of  natural  organic  nitrogenous  materials.  It  has  also 
resulted  in  part  from  the  appearance  on  the  fertilizer  market  of  the 
material  known  as  double,  triple,  or  treble  superphosphate.  This 
material,  because  of  its  high  concentration  of  phosphoric  acid  enables 
its  producers  to  enter  into  competition  with  the  manufacturers  of 
superphosphate,  though  the  former  are  compelled  to  ship  their  product 
long  distances  to  market.  Even  the  average  grade  of  the  super- 
phosphate on  the  market  has  undergone  an  increased  concentration 
during  the  last  20  years.  Although  a  considerable  tonnage  of  14 
percent  superphosphate  was  formerly  sold  in  this  country  practically 
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all  the  superphosphate  now  produced  contains  at  least  16  percent  of 
available  phosphoric  acid,  and  superphosphates  with  18  and  even 
20  percent  of  this  plant-food  element  are  on  the  market. 

BENEFITS  OF  CONCENTRATION 

The  idea  has  prevailed  in  some  quarters  that  concentrated  ferti- 
lizers are  fundamentally  different  from  ordinary  fertilizers.  Such, 
however,  is  not  the  case.  In  fact,  such  commonly  used  materials  as 
potassium  sulfate  (sulfate  of  potash)  and  potassium  chloride  (muriate 
of  potash)  contain  a  higher  percentage  of  plant  food  than  many  of 
the  new  fertilizer  materials  and  are  properly  classed  among  the 
concentrated  fertilizer  materials. 

Increased  concentration  of  the  plant-food  content  of  fertilizers 
offers  a  number  of  advantages  to  the  consumer.  Since  a  given 
amount  of  plant  food  is  contained  in  a  smaller  weight  of  fertilizer, 
transportation  charges  from  the  manufacturer  to  the  consumer  are 
less,  fewer  bags  are  necessary,  less  storage  space  is  required,  and  the 
labor  involved  in  distribution  on  the  farm  is  decreased.  There  are 
some  disadvantages,  however.  For  instance,  on  certain  poor  sandy 
soils  the  use  of  concentrated  fertilizers  that  contain  no  lime  ancl 
magnesia  results  in  very  little  or  no  improvement  in  crop  yields  over 
those  on  which  no  fertilization  is  employed.  It  has  been  found  that 
these  poor  results  are  owing  to  the  fact  that  the  supply  of  lime  in 
the  soil  is  inadequate  to  counteract  the  toxic  action  of  the  alkali  salts 
in  the  fertilizer  and  to  a  deficiency  of  both  lime  and  magnesia  below 
the  normal  nutritive  requirements  of  the  plants.  The  addition  of  10 
to  30  pounds  of  magnesia  per  acre  in  the  form  of  an  available  com- 
pound such  as  dolomite,  magnesium  sulfate,  or  potash  salts  contain- 
ing magnesia  and  of  four  or  five  times  as  much  lime  in  the  form  of 
dolomite  or  other  liming  material  have  been  shown  to  overcome  this 
disadvantage.  The  proportion  of  the  special  plant-food  constituents 
such  as  calcium  and  magnesium  that  it  is  necessary  to  include  in 
fertilizer  mixtures  intended  for  soils  deficient  in  such  constituents  is 
thus  seen  to  be  relatively  small.  It  is  therefore  possible  to  prepare 
highly  concentrated  fertilizers  which  contain  in  the  same  mixture  a 
suitable  proportion  of  all  the  chemical  elements  essential  for  plant 
growth.  An  analogous  example  of  unsatisfactory  results  with  the  use 
of  ordinary  fertilizers  of  low  concentration  is  shown  in  the  case  of 
certain  soils  that  are  deficient  in  manganese.  Manganese  salts  must 
be  applied  directly  to  such  soils  or  added  to  the  fertilizer  mixtures 
used  on  them  in  order  to  obtain  satisfactory  crop  yields. 

In  the  following  pages,  the  more  important  new  fertilizer  mate- 
rials are  discussed,  and  brief  accounts  of  their  preparation,  plant-food 
content,  and  properties  are  given. 

NITROGENOUS  COMPOUNDS 

Ammonia 

The  most  concentrated  nitrogenous  material  that  has  been  used 
in  the  manufacture  of  mixed  fertilizers  is  ammonia  containing  82 
percent  of  nitrogen.  It  has  been  employed  considerably  as  an  addi- 
tion to  superphosphate,  double  superphosphate,  and  mixtures  con- 
taining these  phosphatic  materials. 
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The  ammonia tion  of  superphosphate  or  superphosphate  mixtures 
is  a  comparatively  simple  operation  and  consists  merely  in  adding  a 
measured  quantity  of  anhydrous  ammonia  or  of  aqua  ammonia  to  a 
weighed  quantity  of  superphosphate  or  mixture  in  a  rotating  drum 
or  standard  fertilizer  mixer.  The  ammonia  is  rapidly  absorbed  by 
the  superphosphate,  and  the  ammoniated  material  is  discharged  from 
the  mixer  within  a  few  moments  after  the  introduction  of  the 
ammonia  (fig.  2). 


Figure  2. — The  ammoniation  of  superphosphate  with  anhydrous  ammonia,  showing  ammonia- 
measuring  tank,  rotating  drum  mixer,  and  feed  hopper. 

The  ammonia  is  shipped  in  steel  tank  cars  containing  50,000 
pounds  of  liquid  anhydrous  ammonia.  At  the  fertilizer  plant  the 
ammonia  is  used  directly  either  from  the  tank  car  or  from  stationary 
tanks  into  which  it  has  been  unloaded,  or  it  is  absorbed  in  water  to 
form  a  solution  of  ammonia  of  25-  to  30-percent  concentration  before 
use. 

AMMONIATION    OF    SUPERPHOSPHATES 


The  use  of  anhydrous  ammonia  has  certain  advantages  over  aqua 
ammonia.  It  gives  a  drier  product  which  shows  less  tendency  to 
stick  to  the  stirring  apparatus  and  other  equipment  hi  which  the 
treated  material  is  handled  around  the  fertilizer  plant.  The  quan- 
tity of  ammonia  in  the  form  of  a  25-  to  30-percent  solution  that  can 
be  added  to  the  average  superphosphate  is  limited  to  a  maximum 
of  about  2.0  to  2.5  percent.  Further  additions  give  a  mixture  that 
is  too  wet  and  sticky.  Anhydrous  ammonia,  however,  produces  dry 
mixtures  of  excellent  mechanical  condition  up  to  the  maximum  that 
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the  superphosphate  will  absorb.  There  is  apparently  no  difference 
in  the  chemical  behavior  of  anhydrous  and  aqua  ammonia  in  the 
superphosphate  mixture. 

Both  forms  of  ammonia  cause  a  reversion,  that  is,  a  conversion  into 
a  less  soluble  form,  of  the  phosphoric  acid  in  the  superphosphate,  and 
the  maximum  percentage  of  either  that  it  is  commercially  practicable 
to  add  is  considerably  below  the  limit  which  the  superphosphate  will 
absorb.  The  actual  quantity  of  ammonia  that  may  be  added  without 
causing  appreciable  reversion  to  citrate-insoluble,  or  so-called  non- 
available,  phosphoric  acid  varies  with  the  free  acid  present,  but  it  is 
usually  less  than  2  percent  of  the  weight  of  the  superphosphate. 

The  direct  addition  of  free  ammonia  to  superphosphates  or  mix- 
tures containing  superphosphate  offers  several  advantages  over  its 
addition  in  the  form  of  ammonium  compounds.  These  advantages 
are:  (1)  Anhydrous  ammonia  is  the  cheapest  form  of  nitrogen  avail- 
able to  the  fertilizer  industry;  (2)  ammoniation  greatly  improves  the 
mechanical  condition  and  the  drilling  and  storing  qualities  of  super- 
phosphates and  fertilizers  containing  superphosphate;  (3)  the  absorp- 
tion of  ammonia  by  superphosphate  results  in  the  combination  of 
significant  quantities  of  ammonia  with  a  minimum  dilution  of  the 
superphosphate,  which  is  of  considerable  importance  in  the  prepara- 
tion of  high-grade  fertilizer  mixtures;  (4)  ammoniation  greatly 
reduces  the  rotting  of  fertilizer  bags;  and  (5)  the  time  required  to 
cure  the  superphosphate  can  be  reduced  by  using  an  excess  of  sulfuric 
acid  in  the  making  of  the  superphosphate  since  the  excess  acid  is 
subsequently  neutralized  by  the  ammonia. 

AMMONIATING    SOLUTIONS 

The  low  proportion  of  nitrogen  that  can  be  introduced  into  fertilizer 
mixtures  by  the  use  of  anhydrous  ammonia  or  aqua  ammonia  requires 
that  the  additional  nitrogen  needed  must  be  furnished  by  other  nitroge- 
nous materials  as  separate  additions.  The  ease  and  low  cost  of  han- 
dling that  characterize  the  ammoniating  process  (as  the  result  of  the 
development  of  simple  inexpensive  apparatus  for  the  purpose  and  of 
the  very  low  labor  charges  involved)  make  highly  desirable  utilization 
of  the  process  in  a  manner  whereby  all  or  most  of  the  nitrogen  of  a 
mixture  can  be  supplied  in  the  one  operation.  To  attain  this  purpose, 
a  number  of  ammoniating  solutions  have  been  marketed  that  consist 
of  nitrogenous  compounds  (all  produced  from  synthetic  ammonia) 
dissolved  in  highly  concentrated  aqua  ammonia, 

Crude  Nitrogen  Solution  is  composed  of  45  percent  of  sodium 
nitrate,  45  of  ammonia,  and  10  of  water.  By  its  use,  an  additional 
part  of  nitrogen  in  nitrate  form  is  added  to  the  superphosphate  or 
superphosphate-containing  mixture  for  each  5  parts  of  nitrogen  added 
as  ammonia, 

Nitrogen  Solution  II  consists  of  60  percentrof  ammonium  nitrate, 
20  of  ammonia,  and  20  of  water.  By  the  employment  of  this  solution, 
almost  1.3  parts  of  additional  nitrogen  is  supplied  for  each  part  of 
nitrogen  added  as  free  ammonia.  Half  of  the  additional  nitrogen  is 
in  nitrate  form  and  the  other  half  in  combined  ammoniacal  form,  which 
does  not  cause  reversion  of  the  phosphoric  acid  of  the  superphosphate. 

Urea-Ammonia  Liquor-A  is  essentially  a  solution  of  crude  urea  in 
aqueous  ammonia.     It  is  obtained  in  the  process  for  manufacturing 
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urea  that  is  described  subsequently  and  contains  32.5  percent  of  urea, 
28.9  of  ammonia,  18.1  of  ammonium  carbamate,  and  20.5  of  water. 
The  ammonium  carbamate  acts  similarly  to  free  ammonia  in  its 
tendency  to  revert  the  phosphoric  acid  of  superphosphates,  whereas  the 
urea  does  not  cause  reversion.  By  use  of  Urea-Ammonia  Liquor-A,  1 
part  of  additional  nitrogen  as  urea  is  added  for  each  2  parts  of  nitrogen 
supplied  as  free  ammonia  and  ammonium  carbamate. 

Urea-Ammonia  Liquor-B  is  similar  in  nature  to  Urea-Ammonia 
Liquor-A  but  contains  more  urea  in  proportion  to  the  other  ingredi- 
ents. It  furnishes  4  parts  of  additional  nitrogen  as  urea  for  each  5 
parts  of  nitrogen  supplied  as  free  ammonia  and  ammonium  carbamate. 

It  has  been  estimated  that  about  55  percent  of  the  superphosphate 
used  in  mixed  fertilizers  in  1935  was  ammoniated  with  anhydrous 
ammonia,  aqua  ammonia  or  the  solutions  already  mentioned,  whereas 
10  years  previously  none  was  ammoniated. 

Ammonium  Salts 

Since  ammonia,  with  the  exception  of  the  cases  just  discussed,  can- 
not be  used  directly  in  fertilizers  it  is  customarily  converted  into 
various  ammonium  salts,  such  as  ammonium  sulfate  and  ammonium 
phosphate,  or  into  other  nitrogenous  compounds,  such  as  urea  and 
various  nitrates,  suitable  for  fertilizer  use. 

AMMONIUM    SULFATE 

Although  the  ammonium  sulfate  (sulfate  of  ammonia)  on  the 
American  market  is  that  obtained  by  the  recovery  of  the  ammonia 
in  the  gases  from  coke  ovens  or  gas  plants  (called  byproduct  am- 
monia) by  absorption  in  sulfuric  acid,  this  ammonium  salt  is  made 
on  a  large  scale  in  Europe  by  the  treatment  of  gypsum  with  synthetic 
ammonia  and  carbon  dioxide.  In  addition  to  the  ammonium  sul- 
fate, large  quantities  of  calcium  carbonate  are  also  obtained  by  this 
process.  One  of  the  chief  uses  of  this  material  is  in  the  preparation 
of  Cal-Nitro,  a  fertilizer  discussed  farther  on. 

Ammonium  sulfate  prepared  by  the  gypsum  method  has  an  ad- 
vantage over  the  slightly  acid  product  made  from  byproduct  ammonia 
in  that  it  contains  no  free  acid  and  therefore  shows  less  tendency  to 
cause  the  rotting  of  bags  in  which  it  is  shipped.  Mention  is  made 
here  of  this  fertilizer  material  not  because  it  is  new  but  because  it 
is  another  illustration  of  the  many  forms  in  which  synthetic  ammonia 
appears  for  use  in  fertilizers.     It  contains  20.6  percent  of  nitrogen. 

AMMONIUM    CHLORIDE 

The  use  of  ammonium  chloride  (muriate  of  ammonia) ,  a  white  salt 
containing  26  percent  of  nitrogen,  as  a  fertilizer  material  has  not 
found  favor  in  this  country  for  two  reasons;  first,  because  of  its  cost; 
and  second,  because  the  potash  salts  commonly  used  in  fertilizer 
mixtures  contain  chlorine,  and  the  additional  chlorine  supplied 
by  the  ammonium  chloride  may  increase  the  total  content  of  this 
element  in  the  mixture  to  the  point  where  injury  to  crops  ensues. 
When  the  chlorine  in  the  mixture  is  not  sufficient  to  cause  injury,  the 
nitrogen  supplied  as  ammonium  chloride  has  been  found  to  give  just 
as  satisfactory  results  as  that  of  ammonium  sulfate. 
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In  Germany  ammonium  chloride  is  produced  on  a  large  scale  for 
fertilizer  purposes  from  synthetic  ammonia.  The  method  used  is  a 
modification  of  the  ammonia  or  Solvay  process  for  making  soda.  In 
this  process  a  solution  of  common  salt  (sodium  chloride)  is  treated 
with  ammonia  and  carbon  dioxide  to  form  sodium  bicarbonate  (cook- 
ing soda)  and  ammonium  chloride.  Instead  of  treating  the  resulting 
ammonium  chloride  solutions  with  lime  for  the  recovery  of  the 
ammonia,  as  is  customarily  done,  the  ammonium  chloride  is  separated 
from  the  solutions.  The  procedure  is  therefore  similar  to  that  used 
in  the  manufacture  of  ammonium  sulfate  from  gypsum,  ordinary 
rock  salt  being  used  as  a  hydrochloric  acid  carrier  instead  of  gypsum 
as  the  sulfuric  acid  carrier. 

POTAZOTE 

When  sylvinite,  a  natural  salt  consisting  of  both  sodium  and  potas- 
sium chlorides,  is  treated  in  a  manner  similar  to  the  Solvay  process 
only  the  sodium  is  precipitated  as  sodium  bicarbonate  and  a  mixture 
of  potassium  and  ammonium  chlorides  can  be  obtained  from  the 
mother  liquor  instead  of  ammonium  chloride  alone.  Such  a  product 
of  French  manufacture  is  sold  under  the  name  potazote.  Potazote 
is  a  brownish-yellow  mixture  containing  either  12  percent  of  am- 
moniacal  ammonia  and  24  of  potash  or  14  of  ammoniacal  ammonia  and 
20  of  potash. 

MONOAMMONIUM    PHOSPHATE 

Monoainmonium  phosphate  is  a  white  salt,  acid  in  reaction,  and 
with  no  tendency  to  become  wet  or  cake  under  ordinary  conditions. 
The  processes  generally  used  for  preparing  monoammonium  and 
diammonium  phosphates  involve  the  two-step  operation  of  first  pre- 
paring phosphoric  acid  and  then  neutralizing  the  acid  with  ammonia. 

Two  methods,  known  as  the  sulfuric  acid  or  wet  method  and  the 
pyrolytic  or  volatilization  method,  are  in  use  for  the  commercial  prep- 
aration of  the  phosphoric  acid.  In  the  former,  phosphate  rock  is 
treated  with  about  50  percent  more  sulfuric  acid  than  in  the  manu- 
facture of  superphosphate.  The  phosphoric  acid  that  is  formed  is 
then  leached  from  the  insoluble  gypsum,  the  other  product  of  the 
reaction.  The  maximum  concentration  of  the  phosphoric  acid  pre- 
pared by  the  wet  method  is  25  to  28  percent.  In  the  volatilization 
method  a  mixture  of  the  phosphate  rock,  coke,  and  sand  is  fed  into 
a  blast  or  electric  furnace.  Phosphorus  is  volatilized  from  the  mix- 
ture and,  on  coming  into  contact  with  the  air,  burns  to  phosphorus 
pentoxide,  which  unites  with  the  moisture  in  the  air  to  form  the 
phosphoric  acid.  The  acid  prepared  by  this  method  may  have  a 
concentration  in  excess  of  75  percent.  It  is  also  purer  than  the  crude 
acid  prepared  by  the  wet  method,  which  contains  considerable  pro- 
portions of  calcium,  iron,  and  aluminum  phosphates. 

The  procedure  to  be  followed  in  the  neutralization  of  the  phos- 
phoric acid  with  the  ammonia  depends  on  the  method  used  in  preparing 
the  acid,  that  is,  on  its  concentration  and  impurities,  as  well  as  on  the 
particular  ammonium  phosphate  to  be  made.  The  crude  acid  pro- 
duced by  the  wet  method  is  used  in  the  preparation  of  both  mono- 
ammonium  and  diammonium  phosphates,  whereas  volatilized  acid 
intended  for  fertilizer  purposes  is  usually  converted  into  diammonium 
phosphate. 
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The  neutralizing  step  in  the  preparation  of  crude  monoammonium 
phosphate  from  acid  prepared  by  the  sulfuric  acid  method  consists 
simply  in  rapidly  adding  gaseous  ammonia  to  the  acid  in  open  vessels 
until  the  necessary  quantity  has  been  absorbed.  The  calcium,  iron, 
and  aluminum  phosphates  of  the  acid  precipitate  out  to  form  a  slurry 
that  is  difficult  to  separate  by  filtration.  The  whole  mass  is  therefore 
reduced  to  dryness  by  feeding  it  into  a  rotary  kiln.  The  continuous 
agitation  to  which  the  material  is  subjected  in  the  kiln  in  the  process  of 
drying  yields  a  granular  product  of  good  drillability. 

ammo-phos 

The  fertilizer  material  Ammo-Phos  A,  containing  about  1 1  percent  of 
nitrogen  and  48  of  phosphoric  acid,  is  crude  monoammonium  phosphate 
prepared  in  the  way  just  described.  Ammo-Phos  B,  containing  about 
16.5  percent  of  nitrogen  and  20  of  phosphoric  acid,  is  prepared  similarly 
by  the  addition  of  the  ammonia  to  a  mixture  of  phosphoric  and  sulfuric 
acids.  This  Ammo-Phos  consists  therefore  of  a  mixture  of  ammonium 
sulfate  and  monoammonium  phosphate. 

Ammo-Phos  shows  little  tendency  to  cake  on  storage  and  may  actu- 
ally act  as  a  conditioner  in  mixtures  with  other  fertilizer  materials. 
It  is  stable  at  ordinary  temperatures  in  a  dry  or  moist  condition  and 
may  be  safely  dried  at  temperatures  up  to  115°  C.  without  danger  of 
loss  of  ammonia. 

An  important  modification  of  this  process  for  preparing  crude 
monoammonium  phosphate  has  been  developed  commercially  in 
Europe.  In  this  modified  process  ammonium  sulfate  replaces  some- 
what less  than  one-third  of  the  sulfuric  acid  used  in  treating  the  phos- 
phate rock  so  that  instead  of  the  crude  phosphoric  acid  a  solution  of 
monoammonium  phosphate  with  some  excess  sulfuric  acid  is  obtained. 
After  separation  from  the  gypsum,  ammonia  is  added  to  neutralize 
the  free  acid.  The  final  product  is  therefore  a  crude  monoammonium 
phosphate  containing  some  ammonium  sulfate.  The  gypsum  is  used 
to  make  ammonium  sulfate. 

DIAMMONIUM    PHOSPHATE    (DIAMMONPHOS) 

In  the  preparation  of  diammonium  phosphate  from  concentrated 
phosphoric  acid  produced  by  the  volatilization  process,  a  quantity  of 
ammonia  is  absorbed  in  the  acid,  care  being  taken  that  the  tempera- 
ture does  not  rise  above  90°  C.  After  the  solution  has  been  cooled 
to  room  temperature  an  additional  quantity  of  ammonia  is  added  to 
precipitate  the  diammonium  phosphate  which  is  separated  by  cen- 
trifugal machines  from  the  liquor.  The  production  of  diammonium 
phosphate  for  use  as  a  fertilizer  offers  an  advantage  over  the  mono 
compound  in  that  it  contains  21  percent  of  nitrogen  and  53  of  phos- 
phoric acid,  whereas  the  latter  contains  only  about  11  percent  of 
nitrogen  and  60  of  phosphoric  acid.  Thus  the  same  weight  of 
phosphoric  acid  can  be  used  to  fix  approximately  twice  the  quantity 
of  ammonia  in  the  production  of  diammonium  phosphate  as  in  the 
formation  of  the  monoammonium  phosphate,  and  a  corresponding 
economy  is  effected  in  manufacturing  cost  per  unit  of  plant  food. 
The  importance  of  this  is  reflected  in  the  increasing  quantity  of  diam- 
monium phosphate  now  being  produced  for  fertilizer  use. 
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It  has  been  found  that  on  certain  sandy  soils  poor  crop  results  are 
obtained  when  diammonium  phosphate  is  used  as  a  source  of  phos- 
phoric acid.  This  untoward  effect  is  apparently  due  to  the  libera- 
tion of  free  ammonia  about  the  roots  of  the  seedlings.  The  inclusion 
of  a  neutral  calcium  salt,  such  as  gypsum,  however,  has  been  shown 
to  control  the  injury  very  effectively.  This  is  explained  as  due  to  the 
reaction  between  the  calcium  salt  and  free  ammonia  in  the  presence 
of  the  carbon  dioxide  in  the  soil  whereby  the  calcium  is  precipitated 
as  the  carbonate  and  the  ammonia  is  converted  into  a  neutral  salt. 

Diammonium  phosphate  is  a  white  crystalline  salt,  slightly  alkaline 
in  reaction,  and  not  hygroscopic. 

LEUNAPHOS 

Leunaphos  is  a  German  product  prepared  by  mixing  40  parts  of 
diammonium  phosphate  with  60  parts  of  ammonium  sulfate.  It 
contains  20  percent  of  ammonia cal  nitrogen  and  20  of  available 
phosphoric  acid. 

Nitrates 
ammonium  nitrate 

Instead  of  combining  ammonia  as  the  sulfate,  chloride,  or  phos- 
phate, it  may  be  oxidized  and  converted  into  nitric  acid.  The  latter 
may  then  be  neutralized  with  more  ammonia  to  form  ammonium 
nitrate.  This  salt  should  be,  theoretically,  an  excellent  fertilizer 
material,  but  its  property  of  absorbing  moisture  from  the  air  and 
caldng  to  a  solid  mass  seriously  interferes  with  its  use  for  this  purpose. 
The  physical  properties  of  ammonium  nitrate  may  be  greatly  improved 
by  granulation  or  by  mixture  with  certain  other  fertilizer  or  non- 
fertilizer  materials,  such  as  ammonium  sulfate  and  calcium  carbonate. 
Mixtures  of  this  kind  are  sold  under  various  trade  names,  such  as 
Leunasalpeter,  Cal-Nitro,  and  Nitro-chalk. 

Ammonium  nitrate  contains  equal  parts  of  nitrate  and  ammoniacal 
nitrogen  and  has  a  total  nitrogen  content  of  34  to  35  percent. 

MIXTURES     OF     AMMONIUM     NITRATE     AND     CALCIUM     CARBONATE 

Cal-Nitro,  Nitro-chalk,  and  Kalkammonsalpeter  are  simply  mix- 
tures of  ammonium  nitrate  and  calcium  carbonate.  The  calcium 
carbonate  may  be  a  byproduct  of  certain  chemical  operations,  as  the 
process  of  making  ammonium  sulfate,  or  it  may  be  simply  ground 
limestone  or  dolomite  (which  also  contains  magnesium  carbonate). 
Fertilizer  material  of  this  kind  was  first  produced  in  Germany,  where 
it  is  known  as  Kalkammonsalpeter.  The  German  product  is  exported 
to  this  country  under  the  name  Cal-Nitro.  A  similar  product  manu- 
factured in  England  is  known  as  Nitro-chalk.^  Ammonium  nitrate  by 
itself  may  explode  under  certain  conditions,  but  the  admixture  of  the 
calcium  carbonate  or  dolomite  renders  it  inexplosive  and  also  greatly 
improves  its  drilling  properties.  The  presence  of  calcium  carbonate  in 
these  mixtures  has  the  further  advantage  that  it  supplies  lime  to  the 
soil  in  a  very  fine  state  of  subdivision.  The  presence  of  magnesium 
carbonate  is  also  highly  desirable  for  magnesium-deficient  soils. 
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Cal-Nitro  is  manufactured  in  two  grades,  one  of  which  contains 
20.5  percent  of  nitrogen  and  the  other  16.  The  20.5-percent  grade 
contains  dolomite.  Nitro-chalk  contains  15.5  percent  of  nitrogen 
and  46  to  48  of  calcium  carbonate. 

A  French  product,  formerly  called  "Le  Sulfonitrate  de  chaux  et 
d'ammoniaque"  but  now  termed  "Ammonitre,"  is  similar  to  Cal- 
Nitro  but  contains  gypsum  instead  of  calcium  carbonate.  The  com- 
mercial product  is  somewhat  yellow  in  color  and  contains  15.5  percent 
of  nitrogen  and  18  of  lime. 

LEUNASALPETER 

The  German  fertilizer  material,  sold  under  the  names  of  Leuna- 
salpeter  and  Montansalpeter  D.  A.  V.  V.,  is  made  by  mixing  am- 
monium sulfate  and  ammonium  nitrate  in  suitable  proportions  in 
the  moist  state.  When  the  moisture  content  of  the  individual  salts 
is  not  more  than  4  percent  of  their  combined  weights  sufficient 
moisture  evaporates  when  the  mixture  is  made  to  give  a  dry  product. 
The  heat  causing  this  evaporation  is  due  to  the  formation  of  a  com- 
pound between  the  salts.  Because  of  the  formation  of  this  compound 
the  resultant  product  is  less  hygroscopic  than  the  ammonium  nitrate, 
the  more  hygroscopic  of  the  two  salts. 

The  German  product  contains  26  percent  of  nitrogen,  of  which 
three-fourths  is  ammoniacal  nitrogen  and  one-fourth  nitrate  nitro- 
gen. Although  imports  of  Leunasalpeter  into  this  country  increased 
from  18,194  tons  in  1926  to  93,983  tons  in  1929,  they  dropped  rapidly 
to  1  ton  in  1933  and  little  or  none  has  been  received  since. 

A  French  product  of  similar  character,  called  "Le  sulfonitrate 
d'ammoniaque,"  contains  25.5  percent  of  nitrogen,  of  which  19  per- 
cent is  ammoniacal  nitrogen  and  the  remainder  nitrate  nitrogen. 

POTASSIUM   AMMONIUM    NITRATE 

A  commercial  fertilizer  material,  called  potassium  ammonium 
nitrate,  is  made  by  mixing  ammonium  nitrate  with  potassium  chlo- 
ride. The  German  product,  known  as  "  Kaliammonsalpeter,"  con- 
tains 16  percent  of  nitrogen  and  28  of  potash,  whereas  the  French 
product,  "  Nitropotasse,"  contains  16.5  percent  of  nitrogen  and  25  of 
potash.  The  hygroscopicity  of  potassium  ammonium  nitrate  is 
considerably  less  than  that  of  ammonium  nitrate,  its  more  hygro- 
scopic component. 

SODIUM    NITRATE 

Sodium  nitrate,  known  as  Chile  saltpeter  or  Chilean  nitrate  and 
produced  from  the  enormous  Chilean  deposits,  has  been  used  as  a 
fertilizer  material  since  the  early  days  of  the  fertilizer  industry. 
It  is,  therefore,  not  a  new  fertilizer  material,  but  is  mentioned  here 
because  it  is  now  made  in  this  country  on  a  large  scale  from  syn- 
thetic ammonia.  Instead  of  combining  the  nitric  acid  obtained  by 
the  oxidation  of  the  ammonia  with  additional  ammonia  to  form 
ammonium  nitrate  the  nitric  acid  is  treated  with  soda  produced  by 
the  Solvay  process  already  mentioned  in  connection  with  the  produc- 
tion of  ammonium  chloride.     A  very  pure  form  of  sodium  nitrate, 
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containing  16  percent  of  nitrogen,  is  obtained  by  this  procedure.  A 
method  for  manufacturing  sodium  nitrate  from  sodium  chloride  (com- 
mon salt)  without  the  necessity  of  the  previous  conversion  of  the 
sodium  chloride  to  soda  consists  in  its  direct  treatment  with  the  nitric 
acid,  a  procedure  that  was  introduced  in  this  country  in  1936. 

CALCIUM    NITRATE 

Nitric  acid  may  also  be  treated  with  limestone  to  form  calcium 
nitrate,  known  as  Norwegian  saltpeter.  In  Norway  the  nitric  acid 
used  in  the  manufacture  of  calcium  nitrate  was  formerly  obtained 
solely  by  the  arc  process  of  fixing  nitrogen  but  now,  as  in  Germany, 
where  large  quantities  of  this  salt  are  also  produced,  the  nitric  acid 
used  is  that  resulting  from  the  oxidation  of  ammonia.  In  the  latter 
country  calcium  carbonate  from  the  gypsum  process  for  making 
ammonium  sulfate  is  used,  as  well  as  limestone,  for  treatment  with 
the  nitric  acid,  and  ammonium  nitrate  is  added  to  the  concentrated 
solution  of  the  calcium  nitrate  to  facilitate  solidification  which  is 
accomplished  by  spraying  from  a  nozzle  with  compressed  air.  The 
product  thus  obtained  consists  of  small  approximately  spherical 
particles. 

Calcium  nitrate,  as  prepared  for  fertilizers,  has  less  tendency  to 
cake  than  ammonium  nitrate.  The  granulated  material  remains 
driUable  indefinitely  if  stored  in  moisture-proof  containers.  It  is  a 
popular  source  of  nitrogen  for  use  on  acid  soils  and  is  largely  used  as 
a  substitute  for  Chilean  nitrate.     The  Norwegian  product  contains 

13  percent  of  nitrogen,  whereas  that  produced  in  Germany  is  mixed 
with  about  5  percent  of  ammonium  nitrate  and  contains  15.5  percent 
of  nitrogen. 

POTASSIUM    NITRATE 

The  use  of  potassium  nitrate  (nitrate  of  potash)  in  fertilizers  has 
always  been  limited  although  its  superior  qualities  as  a  fertilizer  have 
long  been  recognized.  In  fact,  its  use  as  a  fertilizer  was  suggested  as 
early  as  1656.     This  limited  use  has  been  owing  largely  to  its  cost. 

The  world  supply  of  potassium  nitrate  was  formerly  obtained  by 
extraction  with  water  from  incrustations  on  the  soils  around  habita- 
tions in  tropical  countries,  chiefly  India,  Ceylon,  Mexico,  and  Egypt. 

Potassium  nitrate  has  also  been  produced,  as  during  the  Crimean 
and  American  Civil  Wars,  in  artificial  saltpeter  plantations  to  supply 
the  great  demand  for  its  use  in  gunpowder.  Garbage,  animal  refuse, 
and  other  decaying  organic  matter  were  mixed  with  limestone  or  old 
plaster,  wetted  with  urine,  and  allowed  to  ferment  in  piles  protected 
from  the  rain.  After  complete  decomposition  the  piles  were  mixed 
with  hardwood  ashes  and  leached. 

Many  of  the  Chilean  nitrate  deposits  contain  from  5  to  7  percent 
of  potassium  nitrate,  and  in  a  few  instances  methods  have  been  em- 
ployed for  concentrating  it.  A  considerable  tonnage  of  material  con- 
taining 20  to  80  percent  of  potassium  nitrate  has  been  obtained  in 
this  way.  Some  of  this  containing  12  to  15  percent  of  potash  and 
a  nitrogen  content  the  same  as  that  of  Chile  saltpeter,  has  been  sold 
for  fertilizer  under  the  name  "  Nitrapo." 
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Much  of  the  potassium  nitrate  of  commerce  is  now  made  by  the 
"conversion  process,"  in  which  sodium  nitrate  and  potassium  chloride 
undergo  a  double  decomposition  by  reaction  with  each  other,  form- 
ing sodium  chloride  and  potassium  nitrate. 

Potassium  nitrate  may  also  be  prepared  by  double  decomposition 
between  calcium  nitrate  and  potassium  sulfate,  calcium  sulfate 
(gypsum)  being  the  other  product.  A  considerable  tonnage  has  been 
produced  in  Germany  in  this  way.  This  process  was  the  first  in 
which  a  synthetic  nitrogen  product  (calcium  nitrate)  was  used  in  the 
preparation  of  potassium  nitrate. 

It  should  be  noted  that  the  production  of  potassium  nitrate  by 
the  two  double-decomposition  methods  just  mentioned  involves  the 
additional  treatment  of  materials  that  can  be  used  directly  as  fer- 
tilizer. The  cost  of  the  potassium  nitrate  produced  in  this  way  is 
greater,  therefore,  than  that  of  equivalent  mixtures  of  the  materials 
from  which  it  is  produced. 

A  process  recently  employed  in  Germany  consists  in  the  treatment 
of  potassium  chloride  with  nitric  acid.  Potassium  nitrate  is  crystal- 
lized from  the  solution,  and  the  mother  liquid  is  neutralized  with 
ammonia  to  give  ammonium  chloride,  which  is  likewise  crystallized 
out. 

Potassium  nitrate  is  much  less  hygroscopic  than  other  fertilizer 
nitrates.  It  contains,  in  pure  form,  approximately  13.5  percent  of 
nitrate  nitrogen  and  46  of  potash. 

Urea  and  Its  Compounds 

Synthetic  ammonia  may  be  converted  into  compounds  other  than 
ammonium  salts  and  nitrates.  The  most  important  of  these  for 
fertilizing  purposes  is  urea. 

Urea  is,  for  the  most  part,  made  by  subjecting  a  mixture  of  am- 
monia and  carbon  dioxide  to  high  pressures  at  a  somewhat  elevated 
temperature.  Water  is  also  formed  in  the  reaction,  and  the  solu- 
tion of  urea  is  concentrated  in  vacuum  evaporators.  Urea  may  be 
crystallized  from  the  concentrated  solution  and  the  crystals  dried, 
or  the  evaporation  may  be  continued  and  the  molten  mass  obtained 
finally  sprayed  into  a  chamber  to  solidify  in  pellet  form. 

Commercial  urea  is  a  highly  concentrated  nitrogenous  fertilizer 
material  containing  46  percent  of  nitrogen  which  is  readily  trans- 
formable by  hydrolysis  in  the  soil  into  ammoniacal  nitrogen.  Theo- 
retically it  is  an  ideal  nitrogenous  fertilizer  material.  Practically, 
however,  its  hygroscopicity  has  greatly  restricted  its  direct  use  for 
this  purpose.  It  can  be  easily  granulated  in  the  form  of  spherical 
particles  of  uniform  size  and  is  then  much  more  drill  able  than  the 
crystalline  product.  That  shipped  from  Germany  is  sometimes  sold 
under  the  trade  name  "Floranid." 

The  American  product  Uramon  consists  of  urea  mixed  with  small 
proportions  of  cocoa  meal  and  phosphate  rock  dust  as  conditioning 
agents  to  maintain  free-flowing  and  noncaking  characteristics.  It 
contains  42  percent  of  nitrogen.  Ureor  Fertilizer,  a  German  product, 
is  a  mixture  of  urea  with  diatomaceous  earth  as  conditioner  and  con- 
tains 40  percent  of  nitrogen,  whereas  in  Calsi-Ureor  Fertilizer,  con- 
taining 30  percent  of  nitrogen,  the  conditioner  consists  of  a  magnesium- 
containing  limestone  and  a  lime-containing  silicate. 
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CALUREA 

The  new  material  known  as  Calurea  is  a  compound  of  urea  and 
calcium  nitrate  made  by  intimately  mixing  these  materials  in  proper 
proportions  and  evaporating  the  resulting  pasty  mass  to  dryness. 
The  commercial  product  contains  34  percent  of  nitrogen  (one-fifth 
as  nitrate  nitrogen  and  four-fifths  as  amide  nitrogen)  and  13  per- 
cent of  lime. 

PHOSPHAZOTE 

The  fertilizer  material  known  as  Phosphazote  is  manufactured  in 
France  and  Switzerland.  It  is  prepared  by  first  treating  a  suspen- 
sion of  calcium  cyanamide  (Cyanamid)  in  water  with  carbon  diox- 
ide. The  insoluble  calcium  carbonate  formed  is  filtered  from  the 
solution  of  free  cyanamide,  Dilute  sulfuric  acid  is  added  to  the 
solution,  which  is  then  carefully  concentrated  at  a  temperature 
below  70°  C.  The  concentrated  solution  is  finally  added  to  phos- 
phate rock  to  form  a  superphosphate  of  urea.  The  dried  product 
contains  15  percent  of  phosphoric  acid  and  7  of  nitrogen. 

PHOSPHATIC  FERTILIZERS 
Double  Superphosphate 

When  phosphate  rock  is  treated  with  phosphoric  acid  that  has  been 
obtained  by  either  the  wet  or  volatilization  processes  a  concentrated 
fertilizer,  variously  known  as  double,  treble,  or  triple  superphosphate, 
is  obtained.  This  product,  containing  40  to  50  percent  of  available 
phosphoric  acid,  can  be  shipped  considerable  distances  more  economi- 
cally than  superphosphate,  which  contains  only  16  to  20  percent  of 
available  phosphoric  acid.  When  properly  manufactured  double 
superphosphate  is  a  dry  granular  solid  readily  drillable  and  mixable 
with  other  fertilizer  materials  in  the  same  way  as  superphosphate. 
Double  superphosphate  is  an  example  of  a  concentrated  fertilizer 
material  not  dependent  on  nitrogen  fixation  for  its  production. 
Double  superphosphate  can  be  ammoniated  in  the  same  way  as  super- 
phosphate and  will  absorb  considerably  more  ammonia  without 
serious  reversion  of  its  phosphoric  acid  to  the  nonavailable  form. 

In  addition  to  the  fertilizer  materials  described  above,  which  con- 
tain either  one  or  at  most  two  fertilizing  elements,  there  have  ap- 
peared on  the  market  in  recent  years  complete  concentrated  fertilizers 
containing  nitrogen,  phosphoric  acid,  and  potash.  These  complete 
fertilizers  are  sold  under  the  trade  name  Nitrophoska. 

Nitrophoska 

The  name  Nitrophoska  is  given  to  a  series  of  concentrated  complete 
mixtures  of  German  manufacture.  All  the  mixtures  of  the  series 
contain  diammonium  phosphate,  ammonium  nitrate,  and  potassium 
chloride  or  potassium  sulfate.  The  total  plant-food  content  of 
Nitrophoska  ranges  from  50.5  to  60  percent. 

The  Nitrophoskas  differ  from  ordinary  salt  mixtures  in  that  they 
have  been  subjected  to  a  graining  treatment  in  the  process  of  mixing. 
This  treatment  consists  in  adding  a  hot,  concentrated  solution  of 
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ammonium  nitrate  to  a  mixture  of  the  other  two  salts  and  allowing 
all  to  cool  with  continuous  stirring.  A  partial  reaction  takes  place 
under  these  conditions  with  the  formation  of  potassium  nitrate  and 
ammonium  chloride  or  ammonium  sulfate. 

The  Nitrophoska  mixtures  that  contain  ammonium  nitrate  and 
potassium  chloride  have  a  hygroscopicity  between  that  of  ammonium 
nitrate  and  sodium  nitrate.  Therefore  they  soon  cake  or  become 
sticky  when  exposed  to  a  humid  atmosphere,  and  this  property  greatly 
interferes  in  moist  climates  with  the  drillability  of  the  material 
unless  it  is  stored  in  airtight  containers  until  drilled. 

SUMMARY 

In  this  report  commercial  processes  for  fixing  atmospheric  nitro- 
gen for  fertilizer  purposes  are  briefly  outlined,  and  various  factors 
that  have  played  a  part  in  increasing  the  concentration  of  fertilizers 
are  discussed.  Advantages  and  disadvantages  of  concentrated  fer- 
tilizers are  mentioned. 

The  use  of  ammonia,  the  product  of  the  synthetic  ammonia  process 
for  fixing  nitrogen,  in  the  ammoniation  of  superphosphate  is  de- 
scribed, and  brief  accounts  are  given  of  the  preparation,  plant-food 
content,  and  properties  of  the  various  salts  and  compounds  into 
which  it  is  converted  for  fertilizer  purposes.  A  number  of  other 
fertilizer  materials  and  mixtures  are  also  included. 


ORGANIZATION  OF  THE  UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
WHEN  THIS  PUBLICATION  WAS  LAST  PRINTED 


Secretary  of  Agriculture Claude  R.   Wickard. 

Under  Secretary Paul  H.  Appleby. 

Assistant  Secretary Grover  B.  Hill. 

Director  of  Information M.  S.  Eisenhower. 

Director  of  Extension  IVork M.  L.   Wilson. 

Director  of  Finance W.  A.  Jump. 

Director  of  Personnel Roy  F.  Hexdrickson. 

Director  of  Research James  T.  Jardine. 

Director  of  Marketing Milo  R.   Perkixs. 

Solicitor Mastix  G.  White. 

Land  Use  Coordinator M.  S.  Eisexhower. 

Office  of  Plant  and  Operations Arthur  B.  Thatcher,  Chief. 

Office  of  C.  C.  C.  Activities Fred  W.   Morrell,   Chief. 

Office  of  Experiment  Stations James  T.  Jardine,   Chief. 

Office  of  Foreign  Agricultural  Relations Leslie  A.   Wheeler,  Director. 

Agricultural  Adjustment  Administration R.   M.  Evans,  Administrator. 

Bureau  of  Agricultural  Chemistry  and  Engi-      Henry  G.  Knight,  Chief. 
neering. 

Bureau  of  Agricultural  Economics H.  R.  Tolley,  Chief. 

Agricultural  Marketing  Service C.   W.  Kitchen,   Chief. 

Bureau  of  Animal  Industry John  R.   Mohler,   Chief. 

Commodity  Credit  Corporation Carl  B.   Robbins,  President. 

Commodity  Exchange  Administration Joseph  M.  Mehl,   Chief. 

Bureau  of  Dairy  Industry O.  E.  Reed,   Chief. 

Bureau  of  Entomology  and  Plant  Quarantine-  Lee  A.  Strong,  Chief. 

Farm  Credit  Administration A.   G.   Black,  Governor. 

Farm  Security  Administration C.  B.  Baldwin,  Administrator. 

Federal  Crop  Insurance  Corporation Leroy  K.  Smith,  Manager. 

Forest  Service Milo    R.  Perkins,    Administrator. 

Bureau  of  Home  Economics Earle  H.  Clapp,  Acting  Chief. 

Library Louise  Stanley,  Chief. 

Bureau  of  Plant  Industry Claribel  R.   Barnett,  Librarian. 

Rural  Electrification  Administration E.  C.  Auchter,   Chief. 

Soil  Conservation  Service Harry  Slattery,  Administrator. 

Surplus  Marketing  Administration H.  H.  Bennett,   Chief. 

16 


U.  S.  GOVERNMENT  PRINTING   OFFICE:  19X0 


For  sale  by  the  Superintendent  of  Documents,  Washington,  D.  C.    ------    Price  5  cents 


